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The diurnal water potentials of 4-month-old and 40-year-old plants of four different fynbos species were studied 
at Kirstenbosch Botanic Gardens. The species studied were Widdringtonia cupressoides, Podalyria calyptrata, 
Diospyros glabra and Pelargonium cuculatum. It was found that there was a difference in water potential between 
the young and old plants of all species, and P. calyptrata was further studied in an attempt to find a reason for 
this water potential difference. It was found that the transpiration rate of P. calyptrata was 10 times higher in 
the older plants than in the young plants. The osmotic potential is greater (more negative) in-the old plants. These 
two factors would explain the differences in water potential of the young and ord plants. 
Die daaglikse waterpotensiaal van 4-maaflde,oud en 40-jaaroue plante van vier fynbos soorte te Kirstenbosch is 
ondersoek. Die soorte ondersoek is Widdringtonia cupressoides, Podalyria calyptrata, Oiospyros glabra en 
Pelargonium cuculatum. Daar is gevind dat daar 'n verskil in waterpotensiaal tussen die jong en ou plante van 
al die soorte is. Podalyria calyptrata is verder ondersoek in 'n poging om 'n rede te vind vir die waterpotensiaal-
verskille. Daar is gevind dat die transpirasietempo van P. calyptrata 10 keer hoer is by die ouer plante as by die 
jonger plante. Die osmotiese potensiaal by die ouer plante is hoer (meer negatief). Hierdie twee faktore kan die 
verskille in waterpotensiaal tussen jong en ou plante verklaar. 
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Introduction 
Very few water potential studies have been conducted on Cape 
fynbos species (Miller et al. 1983; Moll & Sommerville 1985). 
The aim of this study was to monitor the water potential 
patterns of 40-year-old plants and 4-month-old plants over 
a period of 1 day and to investigate any differences between 
the patterns attributable to differences in transpiration rates 
and osmotic potentials. 
Some studies that have been done on the seasonal changes 
in water potential of some fynbos species, show that water 
potential is affected by many different parameters. Moll & 
Sommerville (1985) studied Leucospermum parile and Tham-
nochortus punctatus and found that on different soil types 
the observed differences in xylem potentials of both species 
can be explained by differences in soil water-holding capacities. 
A soil with a higher water-holding capacity can supply more 
plant-extractable water during stressful periods, so that the 
plants growing on these soils have a lower water potential than 
plants growing in a soil with a lower water-holding capacity. 
Moll & Sommerville (1985) also found that different rooting 
depths influence the xylem potentials of plants. 'The deeper-
rooted L. parile exhibited little or no moisture stress through-
out the year, while the decreasing spring-summer potentials 
of the shallow-rooted T. punctatus suggested a degree of water 
stress in summer'. 
Miller et al. (1983) suggested that 'xylem pressure potentials 
at midday can be low because of restricted water supply or 
because of high rates of transpiration'. With a high rate of 
transpiration large quantities of water may be lost to the plant, 
and with a limited amount of soil water this could lead to 
an increasing xylem pressure potential. 
An increase in the amount of solutes in the xylem sap will 
also lead to a greater osmotic potential in the plant (i.e. the 
osmotic potential will become more negative). With a greater 
osmotic potential the xylem pressure potential of the plant 
will also increase (Salisbury & Ross 1978). 
Thus soil type, transpiration rate, different rooting systems 
and osmotic potential must all be taken into account when 
comparing water potentials of different plants at different 
sites. 
Materials and Methods 
The study site for this experiment was a natural Cape Fynbos 
community at Kirstenbosch National Botanic Gardens. The 
young plants were on a recently burnt site and the old plants 
were on an unburnt area immediately adjacent to the burnt 
site. 
Four plant species were initially chosen for investigation, 
these were Widdringtonia cupressoides (L.) Endl., Podalyria 
calyptrata Willd., Diospyros glabra (L.) de Winter and 
Pelargonium cuculatum (L.) L.Her. The water potential 
throughout a day, from 1 h before sunrise until 1 h after 
sunset, was measured for one individual of each species in 
40-year-old vegetation and one individual of each species in 
adjacent 4-month-old vegetation. The water potential was 
measured using the pressure chamber technique (Scholander 
et al. 1965). The water potential curves of the young and old 
plants were compared, and the plant species showing the 
greatest differences in values between young and old plants, 
namely P. calyptrata, was subsequently further studied. 
An open system portable LCA2 infra-red gas analyser 
(Analytical Development Company, Ltd, Hoddesdon, Herts, 
U.K.) was used for transpiration measurements on both young 
and old individuals of P. calyptrata. This procedure involves 
the determination of increases in absolute humidity of an air 
stream passing over a transpiring plant (Slavic 1974). Leaves 
of the same age were chosen from each plant and the transpi-
ration rates were measured at high photosynthetically active 
radiation (P.A.R. > 1750!lE m -2 sec-I) and at low P.A.R. 
« 300 !lE m - 2 sec - I). The equation used to calculate the 
transpiration rate from the results obtained from the IRGA is: 
gw FL.Cw HOd -2 '-1 --x- g 2 m mm 
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where gw = transpiration rate (g H 20 dm- 2 min- 1) 
F = flow rate (200 ml min - 1) 
/:::,. Cw = absolute humidity (g em- 3) 
A = leaf area (mm2) 
The osmotic potential was measured using the -pressure 
bomb method described by Salisbury & Ross (1978). A 
pressure volume curve was drawn up and the osmotic potential 
was determined by extrapolation. 
The rooting systems of the two plants that were further 
studied was assumed to be similar, as the young plant was 
a resprout from a 40-year-old plant which had been burnt 
a few months previously. 
The soil type was examined and found to be similar. 
Results and Discussion 
The water potential measurements of the original four plant 
species showed that the young and old plants differed with 
respect to daily changes in water potential (Figure 1). W. 
cupressoides and P. calyptrata showed the greatest differences. 
The resprouting and old plants of W. cupressoides were 
situated about 20 m apart. The young plants were slightly 
more sheltered from direct sunlight than the old plant which 
would have affected the water potential to some extent. W. 
cupressoides, therefore, was not used as the 'follow-up' 
species. P. calyptrata on the other hand was considered the 
better species to use since the young and old plants were no 
more than 4 m apart, both were growing on the same soil 
types, and both were exposed to direct sunlight. 
The young P. calyptrata was resprouting from a plant 
which was at least 40 years old prior to being burnt. We 
assume, therefore, that it would have had much the same type 
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of rooting system as the older plant, though the fine root 
structure may well have changed in the 4 months since the 
fire . In this study, the basic rooting system was, therefore, 
assumed to be similar and we concentrated on the effect of 
age on water use efficiency as measured from the leaves. 
The osmotic potential of the 4-month-old P. calyptrata 
plant was -769 kPa and that of the 40-year-old plant was 
- 1110 kPa (Figure 2). Having found that P. calyptrata 
differed in water potential according to age, the next step was 
to attempt to examine why this should be. The measured 
transpiration rates of these two plants differed greatly. 
Using the Lords range test (Langley 1968) it can be shown 
that the differences between the transpiration rates of old 
plants and of young plants is significant at high P.A.R. as 
Table 1 The transpiration rates of the 4-month-old 
and 40-year-old plants of P. calyptrata at high 
and low photosynthetically active radiation (P.A.R.) 
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Figure 1 Progression, throughout a day in late July from 05h45 to 19h00, of the water potentials of the young and old plants of the four species 
chosen. Solid lines indicate 4-month-old plants and dotted lines indicate 40-year-old plants. On the day the measurements were taken there was 
a moderate south-westerly wind blowing and very little cloud . 
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Figure 2 The pressure-volume curves for 4-month-old and 40-year-old 
plants of P. calyptrata. The osmotic potential of each experimental plant 
is indicated by extrapolation. The osmotic potential of the old plant 
was - 1110 kPa while that of the young plant was - 769 kPa. 
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well as low P.A.R. (ex = 0,01 for both sets of data) (fable 1). 
The results show that the young plant had a lO-times lower 
transpiration rate than the old plant. This means that the old 
plant was losing a lot more water than the younger plant. 
This difference in transpiration was considered to cause the 
water potential difference between the two plants. 
Conclusions 
This study shows that water potential is higher in all the older 
plants than in younger plants of the four species studied. A 
more detailed study of P. calyptrata showed that the dif-
ferences in water potentials of the two age groups could be 
attributed to higher transpiration rates and higher (more 
negative) osmotic .potential differences in the old plants. 
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